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Labsphere provides optical metrology solutions that
have been used to calibrate and characterize
many deep space and Earth-orbiting assets.
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Spectralon Optical Properties
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( NOT Space Grade! )

• High reflectance ∼250nm to
∼2500nm.
• Nearly Lambertian BRDF
for a wide range of incident
angles (0˚ to ∼60˚).
• Significant subsurface light
penetration. Subsurface
scatter contributes to
diffuse property.
• PTFE is chemically very
stable, so reflectance
should be stable, and is
stable under laboratory
conditions.

Technically “White”

Spectralon is Sintered
PTFE Powder (that’s all)

A common brand-name for PTFE is Teflon®.
The PTFE powder is pressed to a block.
Pressure released; block holds together, but is fragile.
Sintered to bind the particles together.
No additional pressure during sintering.
Result is an open-cell PTFE
random matrix.
• Appx. 40% void volume.
• Minimum density which
preserves machine-ability

•
•
•
•
•
•

Spectralon is a Spectrally Flat
Bulk Scattering Medium
• Void Volume is Essential

Typical Use as an
On-Orbit Solar
Diffuser
(From GOSAT Experiment Description)

Spectralon Optical Degradation
• Early testing (late 1980s, early 1990s) indicated that
the reflectance of Spectralon degraded when
exposed to UV and VUV.
• Degradation is most significant in the short
wavelength region. The degraded material looks
yellow or tan to the eye.

Early Critical Research
• Steigman, Albert E., Bruegge, Carol J., Springsteen,
Arthur W., “Ultraviolet stability and contamination
analysis of Spectralon diffuse reflectance material”,
Optical Engineering, Vol .2, No. 4, 799-804, April
1993.
• Suspected that the degradation was caused by
volatile contaminants deposited on the PTFE
material.
• Vacuum baked at 90˚ C, 10-6 Torr, for24 hours.

…Conclusions
• “This supports the initial contention that the
degradation is caused by a volatile contaminant and
the material can be UV stabilized by the relatively
simple vacuum bake-out procedure described
above”
• “When impurities are removed, the Spectralon
material was photochemically stable and
maintained its reflectance properties even after
extensive solar UV exposure”
• This research was carried out by JPL, California Institute of Technology,
under NASA contract. The UV exposure and reflectance measurements
were performed by TRW.

Early Research
• Hilsenrath, E., William, D., Herzig, H.,Bruegge,
C., Stiegman, A., “Effects of Space Shuttle
Flight on the Reflectance Characteristics of
Diffusers in the Near-Infrared, Visible, and
Ultraviolet Regions”, Optical Engineering, Vol.
3, No 1, 3675-3682, November1994.
• Three Shuttle flights of “Getaway Special”
• “Optical tests on the Space Shuttle likely
represent worst-case conditions. Nevertheless,
these experiments have been very useful in
evaluating the relative performance of diffuser
material with regard to the wavelengthdependent reflectance changes caused by
contamination in space. Lessons were learned
as to how space flight diffuser samples should
be prepared, handled, and tested.”
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Follow-on Research
• Leland, James E. and Arecchi, Angelo V., “Analysis of
Spectralon® Material for Use in On-board Calibration
Systems for the Medium Resolution Imaging
Spectrometer (MERIS)”, SPIE 2475, 384-392(1995).
• Two questions:
– Is high vacuum bakeout (10-6 Torr) necessary or is lower
vacuum bakeout (<2 x 10-2 Torr, <3 x 10-6 atm) sufficient?
This was a cost-generated question.
– Does an ethanol wipe prior to final bakeout to control
particulate contamination affect the UV degradation?

…Conclusions
• “There was no correlation between either of the
two test variables and degradation.”
– Low vacuum and high vacuum yielded identical results.
– An ethanol wipe had no effect on UV degradation.

• This research also quantified the amount of
degradation for Spectralon treated with this process.
• This research was carried out by Labsphere, Inc. under contract with
Aerospatiale (now Thales Alenia Space) and ESA. The UV exposure and
reflectance measurements were performed by O.N.E.R.A.-C.E.R.T. in
Toulouse, France.

Tests have shown that
CLEAN Spectralon
DOES NOT OPTICALLY DEGRADE

Therefore observed degradation trends in space are
a product of UV exposure and contamination level
Spectralon standards are key to field spectroscopy, hence a motto
which apples to space as well: Keep it clean or stay home!

SGS Best Practices
• The procedure for production and handling of Space
Grade Spectralon is based on the tests done for MERIS.
• Minimize exposure of SGS to ambient conditions after
vacuum bakeout and prior to launch.
• Store in nitrogen purge or vacuum.
• Users often substitute placeholder engineering targets
with fresh flight targets prior to launch or plan for a final
vacuum bakeout as close to launch as possible.
• On-orbit, it is best to stow the SGS target when not in use.
• Spectralon degradation trends in space are a product of
UV exposure and contamination level

Space Grade Spectralon
process overview

• Handle raw PTFE powder in a laminar flow hood
during preparation.
• Vacuum bake the powder (low vacuum).
• Press and sinter as for any Spectralon.
• Isolate and clean machine tools prior to cutting,
ethanol wipe to remove particulate contamination.
• Vacuum bake final product (low vacuum).
• Pack under dry N2.

Space Grade Spectralon
process purpose

• Remove any volatile hydrocarbon contamination that
comes with the powder from the PTFE producer.
• Keep a clean environment to minimize any
recontamination.
• Remove any residual contamination in a final vacuum
bakeout.
• Pack in a protective container.

Surface Finish
• Several options are available for the optical surface
finish of flat Space Grade Spectralon panels:
– Fly-cut. Tends to produce a structured surface with
anisotropic BRDF.
– Machine-sand. Less structured surface than fly-cutting, but
still has some anisotropy to the BRDF.
– Hand-sanding under running water. Produces a random
surface with isotropic BRDF. Significantly reduces the
ability to hold mechanical tolerances.
(For oblique illumination angles, surface flatness is critical
to target uniformity)

Surface Finish

• Recommendations:

– Machine-sand. Shape the panel so that there is only one
possible orientation and measure the BRDF for that
orientation.

or
– Hand-sanding under running water if mechanical thickness
tolerance is not critical.

(Provided by Jack Xiong, NASA GSFC)

Deployed Diffusers

(From IOCCG Level 1
Workshop, Bathesda
Maryland, 20-21 April 2010)

Deployed Diffusers
On-orbit since late 1999

On orbit performance
to date within
expected parameters.
No significant
degradation in the
Spectralon panels per
MISR team
operational analysis.
(Re:Carol Bruegge)

(From MISR Website)

An SGS Panel in its Shipping Frame

Virtual SGS Working Group:
mhelmlinger@labsphere.com
•
•
•
•
•
•
•

SGS is hand-made
Requires shutdown of regular operations
Coordination of orders
Scheduled SGS production periods
Share data and published research
Take advantage of Labsphere expertise, other’s experience
Working group mainly 1 on 1 through Mark
(Occasional Skype sessions if warranted)

• If you are even thinking of ordering some SGS…

Currently On Orbit
Instrument
MODIS
MODIS
MISR
ALI
VIIRS
TANSO FTS + CAI

Mission
Terra
Aqua
Terra
EO-1
Suomi NPP
GOSAT

Past Missions
Instrument Mission
MERIS
EnviSat
GLI-I
ADEOS II
APS
Glory*
* Launch vehicle failure
These SGS-bearing mission lists are likely incomplete.
Please feel free to assist.

Future Launches
Instrument Mission
ABI
GOES-R
OLI
LDCM
VIIRS
JPSS J1
VIIRS
JPSS J2
GLI-II
GCOM-C
ORCA
PACE

…Spectralon Scatters!
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Special Thanks to: Carol Bruegge, JPL, Howard Yoon, NIST, Albert Stiegman,
FSU, Art Springsteen, Avian Technologies, Jim Butler, GSFC, Glenn Aveni, JPL

